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Abstract
Objective:  To  generate  prediction  equations  for  spirometry  in  4-  to  6-year-old  children.
Methods:  Forced  vital  capacity,  forced  expiratory  volume  in  0.5  s,  forced  expiratory  volume
in one  second,  peak  expiratory  ﬂow,  and  forced  expiratory  ﬂow  at  25--75%  of  the  forced  vital
capacity were  assessed  in  195  healthy  children  residing  in  the  town  of  Sete  Lagoas,  state  of  Minas
Gerais, Southeastern  Brazil.  The  least  mean  squares  method  was  used  to  derive  the  prediction
equations.  The  level  of  signiﬁcance  was  established  as  p  <  0.05.
Results:  Overall,  85%  of  the  children  succeeded  in  performing  the  spirometric  maneuvers.
In the  prediction  equation,  height  was  the  single  predictor  of  the  spirometric  variables
as follows:  forced  vital  capacity  =  exponential  [(−2.255)  +  (0.022  ×  height)],  forced  expira-
tory volume  in  0.5  s  =  exponential  [(−2.288)  +  (0.019  ×  height)],  forced  expiratory  volume
in one  second  =  exponential  [(−2.767)  +  (0.026  ×  height)],  peak  expiratory  ﬂow  =  exponential
 Please cite this article as: Franc¸a DC, Camargos PA, Jones MH, Martins JA, Vieira BP, Colosimo EA, et al. Prediction equations for spirometry
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[(−2.908)  +  (0.019  ×  height)],  and  forced  expiratory  ﬂow  at  25--75%  of  the  forced  vital  capac-
ity =  exponential  [(−1.404)  +  (0.016  ×  height)].  Neither  age  nor  weight  inﬂuenced  the  regression
equations.  No  signiﬁcant  differences  in  the  predicted  values  for  boys  and  girls  were  observed.
Conclusion:  The  predicted  values  obtained  in  the  present  study  are  comparable  to  those
reported for  preschoolers  from  both  Brazil  and  other  countries.
© 2016  Sociedade  Brasileira  de  Pediatria.  Published  by  Elsevier  Editora  Ltda.  This  is  an  open
access article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Equac¸ões  de  predic¸ão da  espirometria  em  crianc¸as de  quatro  a  seis  anos
Resumo
Objetivo:  Gerar  equac¸ões  de  predic¸ão  da  espirometria  em  crianc¸as  de  quatro  a  seis  anos.
Métodos: Capacidade  vital  forc¸ada,  volume  expiratório  forc¸ado  em  0,5  segundo,  volume  expi-
ratório forc¸ado  em  1  segundo,  pico  de  ﬂuxo  expiratório  e  ﬂuxo  expiratório  forc¸ado  com  25-75%
da capacidade  vital  forc¸ada  foram  avaliados  em  195  crianc¸as  saudáveis  que  residem  na  cidade
de Sete  Lagoas,  Estado  de  Minas  Gerais,  Sudeste  do  Brasil.  O  método  dos  mínimos  quadrados
foi usado  para  derivar  as  equac¸ões  de  predic¸ão.  O  nível  de  signiﬁcância  foi  estabelecido  como
p <  0,05.
Resultados:  No  geral,  85%  das  crianc¸as  foram  bem-sucedidas  ao  fazer  as  manobras  espirométri-
cas. Na  equac¸ão  de  predic¸ão,  a  estatura  foi  a  única  variável  preditora  das  variáveis
espirométricas,  da  seguinte  forma:  capacidade  vital  forc¸ada  =  exponencial  [(-2,255)  +  (0,022
x estatura)],  volume  expiratório  forc¸ado  em  0,5  segundo  =  exponencial  [(-2,288)  +  (0,019
x estatura)],  volume  expiratório  forc¸ado  em  1  segundo  =  exponencial  [(-2,767)  +  (0,026  x
estatura)],  pico  do  ﬂuxo  expiratório  =  exponencial  [(-2,908)  +  (0,019  x  estatura)]  e  ﬂuxo  expi-
ratório forc¸ado  com  25-75%  da  capacidade  vital  forc¸ada  =  exponencial  [(-1,404)  +  (0,016  x
estatura)].  Nem  a  idade  nem  o  peso  inﬂuenciaram  as  equac¸ões  de  regressão.  Não  foi  observada
diferenc¸a signiﬁcativa  nos  valores  previstos  em  meninos  e  meninas.
Conclusão:  Os  valores  previstos  obtidos  neste  estudo  são  comparáveis  àqueles  relatados  em
crianc¸as em  idade  pré-escolar  tanto  do  Brasil  quanto  de  outros  países.
© 2016  Sociedade  Brasileira  de  Pediatria.  Publicado  por  Elsevier  Editora  Ltda.  Este e´  um  artigo
Open Access  sob  uma  licenc¸a  CC  BY-NC-ND  (http://creativecommons.org/licenses/by-nc-nd/4.
0/).
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Pulmonary  function  tests  supplement  the  clinical  histories
and  physical  examinations  of  individuals  with  respiratory
problems  and  contribute  to  the  diagnosis,  prognosis,  and
monitoring  of  respiratory  diseases,  as  well  as  assessments
of  the  therapeutic  effects  of  interventions.1
Spirometry  is  a  universally  accepted  method  for  assessing
pulmonary  function,  including  lung  volumes  and  ﬂows,  and  is
the  most  widely  used  method  for  detecting  functional  alter-
ations  in  the  pulmonary  functions  of  adults,  adolescents,
and  schoolchildren.1,2 However,  spirometry  has  not  yet  been
widely  studied  in  Latin  American  or  Brazilian  preschool
populations.1,3
The  earliest  studies  that  assessed  spirometric  maneu-
vers  in  preschoolers  were  published  approximately  20  years
ago.4,5 Currently,  it  is  well  established  in  the  literature  that
75--86%  of  preschoolers  are  able  to  acceptably  and  repro-
ducibly  perform  spirometric  maneuvers1,3,6--10 as  evidenced
by  the  availability  of  prediction  equations  for  preschool-
ers  from  several  countries.6,8,9,11--17 Additionally,  a  recent
multicenter  study16 proposed  prediction  equations  for  spiro-
metric  variables  from  preschoolers  based  on  data  collected
from  the  children  from  11  different  countries  (n  =  3777),
p
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including  Brazil.  An  update  was  published  in  2012  and
ncluded  new  multi-ethnic  equations.18 Recently,  Burity
t  al.19 described  reference  values  based  on  135  north-
astern  Brazilian  preschoolers  and  identiﬁed  height  and  sex
s  predictors  of  lung  function  parameters.  However,  these
quations  are  not  necessarily  representative  of  the  entire
opulation  of  Brazilian  preschoolers.
Due  to  the  importance  of  spirometry  in  all  age  groups  and
he  scarcity  of  prediction  equations  for  spirometric  varia-
les  for  preschoolers  in  Brazil,  the  present  study  aimed  to
escribe  the  prediction  equations  for  spirometry  in  4-  to  6-
ear-old  children  residing  in  the  town  of  Sete  Lagoas,  state
f  Minas  Gerais,  southeastern  Brazil.
ethods
etting  and  sampling
he  subjects  were  recruited  at  randomly  selected  public  and
rivate  schools  in  the  town  of  Sete  Lagoas  according  to  the
ollowing  inclusion  criteria:  age  between  4  and  6  years  (i.e.,
8--83  months  old);  no  chronic  respiratory  disease  accord-
ng  to  the  American  Thoracic  Society  and  Division  of  Lung
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isease  ATS/DLD/78/C-questionnaire  (i.e., total  scores  that
re  equal  to  or  lower  than  6)6,20;  body  mass  index  (BMI)
etween  the  3rd  and  95th  percentiles  for  age21;  birth  weight
reater  than  2500  g  at  a  gestational  age  of  37--42  weeks20;
o  ﬂu  episodes  within  the  previous  seven  days;  no  history  of
aternal  smoking  during  pregnancy  or  exposure  to  tobacco
moking  over  the  years  preceding  the  spirometric  assess-
ent;  no  past  history  of  thoracic  or  abdominal  surgery;  no
horacic  malformations,  genetic  syndromes,  metabolic  dys-
unctions,  heart  diseases,  neuromuscular  diseases,  mental
isorders,  or  cognitive  deﬁcits;  and  no  use  of  medicines  on
 regular  basis.
The study  protocol  and  informed  consent  (provided  by
he  parents  or  legal  guardians)  were  approved  by  the  Ethics
n  Research  Committee  of  the  Universidade  Federal  de  Minas
erais  (ETIC  No.  0612.0.203.000-09).
easurement  instruments  and  procedures
he  ATS-DLD-78-C  questionnaire  was  used  to  rule  out  the
resence  of  respiratory  diseases  and  exposure  to  environ-
ental  pollutants.  This  questionnaire  consists  of  questions
bout  the  symptoms,  other  illnesses  and  hospitalizations
elated  to  respiratory  tract  diseases,  and  it  was  completed
y  the  parents  or  legal  guardians.  The  overall  scores  ranged
rom  0  to  22,  and  scores  greater  than  or  equal  to  7  were
ndicative  of  a  chronic  respiratory  disease.6 Supplementary
uestions,  for  example,  questions  about  gestational  age,
he  neonatal  period  and  concomitant  diseases,  were  also
ncluded.
A  handheld  Koko  spirometer  (Koko®,  PFT  type;  nSpire
ealth  Inc.,  CO,  USA)  was  used  to  assess  the  spirometric
ariables  obtained  from  the  forced  expiratory  maneuvers.
his  equipment  meets  all  of  the  requirements  of  the
TS/ERS1 and  displays  real-time  graphs  of  the  ﬂow/volume
nd  volume/time  curves.  Following  the  ATS  recommenda-
ions,  a  disposable  mouthpiece  and  antibacterial  ﬁlter  that
ogether  result  in  a  dead  space  of  less  than  2  mL/kg  were
sed.  The  accuracy  of  the  equipment  was  veriﬁed  daily
ia  calibration  using  a  three-liter  manual  syringe  (COSMED,
ulmonary  Function  Equipment  --  Italy).  The  following  spiro-
etric  variables  were  analyzed:  FVC,  FEV0.5,  FEV1,  FEF25--75,
nd  PEF.  The  data  for  the  forced  expiratory  time  (FET)  and
ack-extrapolated  volume  (BEV)  were  collected  to  ensure
he  qualities  of  the  curves.1
The  data  from  all  of  the  questionnaires  were  ana-
yzed,  and  the  children  who  met  the  inclusion  criteria  were
nvited  to  participate  in  the  study.  Children  whose  par-
nts/guardians  authorized  their  participation  in  the  study
nd  signed  an  informed  consent  form  were  assessed  during
egular  school  activities.
The  physical  examinations  were  initiated  by  measuring
he  weight  using  a  single  scale  (Filizola  --  São  Paulo,  Brazil)
nd  the  height  using  a  Harpenden® stadiometer  (Harpenden
kinfold  Caliper,  Mediﬂex  Surgical  Products,  USA)  (measure-
ent  range  from  60.0  cm  to  210.0  cm,  wall  mounted,  with  a
recision  of  0.1  cm,  with  the  child  standing,  barefoot,  pos-
tioned  in  such  a  manner  that  the  head,  shoulders,  buttocks,
nd  heels  lightly  touched  the  vertical  surface  of  the  mea-
uring  device).  Subsequently,  blood  pressure,  heart  rate,
espiratory  rate,  oxygen  saturation,  and  lung  auscultation
s
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ere  assessed,  and  static  and  dynamic  inspections  of  the
reathing  pattern  were  performed  to  conﬁrm  the  absence
f  any  clinical  abnormality.
To  perform  spirometry,  the  recommended  acceptabil-
ty  and  reproducibility  criteria  were  followed.1 Before  the
est,  each  child  received  age-appropriate  instructions  and
hen  performed  the  maneuvers.  The  measurements  were
ollected  with  the  subject  seated  using  a  disposable  well-
djusted  mouthpiece  (to  prevent  leaks),  a  nose  clip,  and
omputer-animation  programs  that  provided  instructions
nd  stimuli  to  the  participants.2 The  subjects  were  asked  to
reathe  in  the  tidal  volume  and  then  instructed  to  ﬁll  their
ungs  as  much  as  possible  and  blow  as  strongly,  rapidly  and
ong  as  possible.  The  acceptability  criteria  were  as  follows:
he  ﬂow-volume  and  volume-time  curves  were  inspected,
nd  maneuvers  that  were  visibly  inadequate  were  excluded,
.e.,  when  the  ﬂow-volume  curve  did  not  exhibit  a  rapid  rise
o  the  peak  ﬂow  and  a  smooth  descending  limb  with  no  evi-
ence  of  a cough  or  glottic  closure;  the  BEV  was  equal  or
ower  than  80  mL  or  lower  than  12.5%  of  the  FVC;  and  the
ET  was  greater  than  10%  of  the  PEF  rate.  The  reproducibil-
ty  criteria  were  as  follows:  the  difference  between  the  FVC
nd  FEV1 was  lower  than  10%  or  100  mL  for  at  least  two
eproducible  maneuvers.1 The  test  was  limited  to  20  min  to
nsure  clinical  applicability,  and  the  subjects  were  allowed
ne  minute  of  rest  between  two  consecutive  maneuvers  that
ere  conducted  by  the  same  investigator  (DCF)  in  all  sub-
ects.
The  volume--time  and  ﬂow--volume  curves  were  visually
xamined  by  two  independent  observers  who  were  blinded
o  the  children’s  past  and  current  health  status.  Speciﬁ-
ally,  the  maximum  values  of  the  FVC,  FEV0.5,  FEV1,  and  PEF
ere  obtained  using  the  appropriate  and  reproducible  curve
the  maximum  values  for  each  of  the  variables  could  come
rom  different  curves).  The  FEF25--75 value  was  selected  from
he  curve  that  exhibited  the  largest  sum  of  FVC  and  FEV1,
nd  the  FEV0.5 value  was  obtained  from  the  curve  with  the
reater  FEV1 value  or  the  greater  FEV0.5 when  the  FET  was
1  s.1
tatistical  analysis
ccording  to  the  age  ranges  (i.e., 48--59,  60--71,  and  72--83
onths)  and  sex  (boys  and  girls),  180  healthy  preschoolers
ere  arbitrarily  pre-deﬁned  within  the  target  age  range  as
he  minimum  that  should  be  assessed  in  the  present  study.
 cluster  randomization  was  performed  based  on  the  ofﬁ-
ial  list  of  the  existing  public  and  private  schools  in  the
ity  of  Sete  Lagoas.  Eleven  schools  were  randomly  selected
seven  public  and  four  private  institutions)  while  maintain-
ng  a  public/private  school  ratio  of  1.75,  which  was  based
n  the  proportions  of  registered  students.  Then,  all  4-  to  6-
ear-old  children  registered  in  each  school  were  invited  to
articipate  in  the  study.
The  Kolmogorov--Smirnov  test  was  used  to  verify  data
ormality.  The  comparisons  of  the  anthropometric  data  and
pirometric  data  between  the  male  and  female  children
ere  performed  using  independent  samples  t-tests.  One-
ay  analysis  of  variance  (ANOVA)  followed  by  post  hoc
ochberg  multiple  comparison  tests  were  used  to  compare
403
Quest ionnaires sent t o all four- t o
six-year-old children in  seven public
and four private schools.
(n=983)
Questionnaires re turne d
(n=704)
Children who met the
inclusion criteria
(n=225)
Children whose parents
consented to participat e
in the study
(n=212) 
Children who  did  not meet the
inclusion criteria
(n=479) 
- 390: incomple te ques tionnaires 
(81.4%);
- 67: presence of a cold or  
allergic rhin itis (14.0%) ; 
- 22: surgi cal  procedu re (4.6%).  
Children  excluded :
(n=17)
- 4: change d schools  (2 3.5%) ; 
- 6: missed school on the day 
of the t est  (35.3%) ; 
- 7: exhibited flu along with
allergic rhinitis (41.2%). 
Children assessed in the
study
(n=195) 
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the  anthropometric  data  and  variables  from  the  pulmonary
function  tests  between  the  4-  to  6-year-old  children.
To  generate  the  prediction  equations  for  the  spirometric
variables,  the  least  mean  squares  method  was  used.  First,
logarithmic  transformations  were  applied  to  the  spiromet-
ric  variables  with  Box--Cox  analyses.  Linear  regressions  were
performed  between  the  spirometric  (dependent)  variables
and  the  height,  weight,  sex,  and  age  (exploratory  varia-
bles).  Then,  a  multiple  regression  analysis  was  performed.
Following  the  evaluation  of  the  multiple  regression  anal-
ysis,  the  normality  and  homoscedasticity  of  the  residuals
were  established  using  Q--Q  plots.  The  residual  assumptions
were  satisﬁed.  The  results  were  expressed  as  z-scores,  i.e.,
multiples  of  the  standard  deviation  of  the  mean,  and  the
graphs  with  the  regression  curves  and  z-scores  were  plotted
to  facilitate  the  use  of  the  equations  in  clinical  practice  and
research.
All  tests  were  assessed  at  an  alpha  of  0.05  with  no  adjust-
ments  for  multiple  comparisons.  The  data  were  analyzed
using  the  R  statistical  language  (Free  Software  Foundation
-- Boston,  MA,  USA)  and  SPSS  (SPSS  Inc.  Released  2009.  SPSS
for  Windows,  Version  15.0,  IL,  USA).
Results
Fig.  1  depicts  the  study  ﬂowchart  and  indicates  that  195
children  were  initially  assessed  and  that  131  (67%)  public
school  and  64  (33%)  private  school  students  were  enrolled  in
the  study  from  June  2010  to  August  2011.
Table  1  presents  the  coefﬁcients  of  determination  (r2)
of  the  regression  equations  for  the  spirometric  variables
with  the  independent  variables  of  height,  height  +  weight,
height  +  age,  and  height  +  weight  +  age.  The  r2 values  exhib-
ited  little  variation  (approximately  1%)  when  height  was
used  as  the  single  predictor  of  the  spirometric  variables
with  height  +  weight  +  age  as  the  independent  variables  in
the  regression  equations.  Table  1  also  presents  the  regres-
sion  equations  and  the  lower  normal  limits  (i.e.,  −1.64
z-scores)  for  the  spirometric  variables  with  height  as  the
single  predictor.
The  linear  regression  between  the  spirometric  param-
eters  (dependent  variables)  and  height,  weight,  and  age
(independent  variables)  exhibited  a  statistically  signiﬁcant
association.  However,  the  spirometric  variables  did  not
present  a  statistically  signiﬁcant  association  with  sex.
The  graphs  of  the  spirometric  variables  according  to
height  in  which  the  z-scores  are  plotted  and  shown  in
Fig.  2.  As  illustrated,  shorter  heights  were  associated
with  less  variability  in  each  of  the  spirometric  parameters
studied.
Table  2 presents  the  proportion  of  children  who  suc-
cessfully  performed  spirometry,  the  anthropometric  data,
and  the  spirometric  parameters  by  age  of  the  195  chil-
dren.  Overall,  85%  of  the  children  successfully  performed
the  spirometric  maneuvers,  and  the  success  rate  progres-
sively  increased  with  age.  The  sample  from  which  the  curves
were  generated  and  the  equations  were  derived  was  pre-
dominantly  of  mixed  ethnicity  (134  out  of  166,  i.e.,  80.7%),
white  (27  out  of  166,  i.e.,  16.3%),  and  those  Asian/African
descendants  (only  ﬁve  out  of  166,  i.e.,  3.0%).  This  informa-
tion  was  obtained  from  parents’  report.  The  comparisons  of
a
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6Figure  1  Study  ﬂowchart.
he  anthropometric  data  and  spirometric  variables  between
he  boys  and  girls  did  not  reveal  signiﬁcant  differences
p  >  0.05,  independent  t-tests).  Nonetheless,  the  age  ranges
ndicated  that  weight,  height,  and  most  of  the  pulmonary
unction  parameters  exhibited  progressive  and  statistically
igniﬁcant  increases  with  age.  Regarding  the  FET,  a  signif-
cant  increase  was  observed  only  among  the  children  aged
--6  years.  Only  the  BEV,  FVC,  FEV0.5/FVC,  and  FEV1/FVC
mong  all  of  the  investigated  age  ranges  failed  to  exhibit
tatistically  signiﬁcant  differences  according  to  Hochberg
est.
iscussion
o  the  best  of  the  authors’  knowledge,  the  present  report  is
he  second  study  designed  to  describe  prediction  equations
or  spirometric  variables  exclusively  for  Brazilian  4-  to  6-
ear-old  preschoolers.
19The ﬁrst  study  was  published  by  Burity  et  al. ; these
uthors  enrolled  321  children  aged  from  3  to  6 years  (mean
ge,  60  months).  However,  only  135  children  (69  boys  and
6  girls)  were  able  to  perform  all  of  the  forced  expiratory
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Table  1  Coefﬁcient  of  determination  of  the  multiple  regression  analyzes  for  spirometric  variables,  considering  the  explanatory  variables:  height,  height  +  weight,  height  +  age,
and height  +  weight  +  age;  as  well  as  the  lower  limit  of  normal  and  prediction  equations  for  spirometric  variables  according  to  height.
Spirometric  variables  Coefﬁcient  of  determination  (r2)  Prediction  equations  Lower  limit  of  normal
H  H  +  W  H  +  A  H  +  W  +  A
FVC  0.56a 0.57a 0.56a 0.57a Exp  [(−2.255)  +  (0.022  ×  height)]  Exp  (predicted  value  −  0.253)
FEV0.5 0.51a 0.51a 0.51a 0.52a Exp  [(−2.288)  +  (0.019  ×  height)]  Exp  (predicted  value  −  0.225)
FEV1 0.45a 0.44a 0.44a 0.44a Exp  [(−2.767)  +  (0.026  ×  height)]  Exp  (predicted  value  −  0.294)
PEF 0.35a 0.34a 0.35a 0.35a Exp  [(−2.908)  +  (0.019  ×  height)]  Exp  (predicted  value  −  0.220)
FEF25--75 0.24a 0.24a 0.24a 0.25a Exp  [(−1.404)  +  (0.016  ×  height)]  Exp  (predicted  value  −  0.191)
H, height (cm); W, weight (kg); A, age (months); Exp, exponential; FVC, forced vital capacity (L); FEV0.5, forced expiratory volume in 0.5 s (L); FEV1, forced expiratory volume in one
second (L); PEF, peak expiratory ﬂow (L/min); FEF25--75, forced expiratory ﬂow at 25--75% of the FVC (L/s).
a p < 0.05.
Prediction
 equations
 for
 spirom
etric
 param
eters
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Table  2  Anthropometric  data,  success  rates,  and  observed  values  of  the  spirometric  variables  according  to  age,  among  the  195  assessed  children.
Age (n) Success
rate (%)
Height
(cm)
Weight
(kg)
FVC (L) FEV0.5 (L) FEV0.5/FVC FEV1 (L) FEV1/FVC PEF
(L/min)
FEF25--75
(L/s)
FET (s) BEV (%)
Boys
4 (30) 76 107 ± 5
(105--110)
19 ± 3
(17--20)
1.15 ± 0.20
(1.06--1.24)
0.86 ± 0.15
(0.80--0.94)
0.76 ± 0.08
(0.72--0.80)
1.04 ± 0.26
(0.92--1.16)
0.90 ± 0.18
(0.81--0.98)
151 ± 29
(139--166)
1.59 ± 0.39
(1.39--1.75)
1.90 ± 0.60
(1.62--2.18)
3.39 ± 1.08
(2.91--3.87)
5  (31) 81 115 ± 6
(113--117)
21 ± 4
(19--22)
1.33 ± 0.21
(1.24--1.42)
0.99 ± 0.13
(0.94--1.04)
0.75 ± 0.08
(0.72--0.79)
1.24 ± 0.17
(1.16--1.31)
0.93 ± 0.05
(0.91--0.95)
173 ± 36
(157--188)
1.74 ± 0.32
(1.61--1.88)
1.88 ± 0.60
(1.62--2.13)
3.22 ± 1.29
(2.67--3.76)
6  (31) 90 118 ± 5
(116--120)
22 ± 3
(20--23)
1.42 ± 0.23
(1.33--1.51)
1.01 ± 0.16
(0.95--1.08)
0.72 ± 0.06
(0.70--0.74)
1.28 ± 0.20
(1.21--1.36)
0.91 ± 0.04
(0.89--0.92)
172 ± 33
(159--185)
1.69 ± 0.36
(1.55--1.83)
2.32 ± 0.56
(2.10--2.54)
3.24 ± 1.03
(2.84--3.64)
Girls
4  (35) 81 109 ± 5
(107--111)
19 ± 4
(18--21)
1.10 ± 0.24
(1.01--1.20)
0.81 ± 0.16
(0.75--0.87)
0.74 ± 0.07
(0.71--0.76)
1.01 ± 0.21
(0.94--1.09)
0.92 ± 0.05
(0.91--0.94)
135 ± 32
(123--147)
1.41 ± 0.34
(1.28--1.54)
2.09 ± 0.66
(1.83--2.33)
3.13 ± 1.05
(2.73--3.54)
5  (36) 89 115 ± 5
(113--117)
20 ± 3
(19--21)
1.25 ± 0.18
(1.18--1.31)
0.93 ± 0.13
(0.88--0.98)
0.75 ± 0.07
(0.73--0.78)
1.16 ± 0.15
(1.10--1.21)
0.93 ± 0.05
(0.91--0.95)
166 ± 34
(154--179)
1.67 ± 0.40
(1.53--1.82)
1.89 ± 0.69
(1.64--2.14)
3.60 ± 1.17
(3.17--4.03)
6  (32) 100 120 ± 7
(117--122)
24 ± 6
(22--26)
1.48 ± 0.25
(1.39--1.57)
1.08 ± 0.19
(1.01--1.14)
0.73 ± 0.06
(0.71--0.75)
1.35 ± 0.22
(1.27--1.43)
0.91 ± 0.04
(0.90--0.93)
185 ± 36
(172--197)
1.86 ± 0.47
(1.69--2.03)
2.26 ± 0.70
(2.01--2.51)
3.41 ± 6.80
(3.12--3.70)
Total  (195) 85 114 ± 7a,b,c
(113--115)
21 ± 4b,c
(20--22)
1.30 ± 0.26
(1.26--1.33)
0.95 ± 0.18a,b,c
(0.93--0.98)
0.74 ± 0.07
(0.73--075)
1.19 ± 0.24a,b,c
(1.15--1.22)
0.92 ± 0.08
(0.91--0.93)
164 ± 30a,c
(159--170)
1.66 ± 0.41a,c
(1.60--1.73)
2.07 ± 0.66b
(1.97--2.17)
3.34 ± 1.07
(3.17--3.50)
FVC, forced vital capacity; FEV0.5, forced expiratory volume in 0.5 s; FEV0.5/FVC, ratio between FEV0.5 and FVC; FEV1, forced expiratory volume in one second; FEV1/FVC, ratio between
FEV1 and FVC; PEF, peak expiratory ﬂow; FEF25--75, forced expiratory ﬂow at 25--75% of the FVC; FET, forced expiratory time; BEV, back-extrapolated volume.
The data are presented as the means ± the standard deviations with the 95% conﬁdence intervals (in parentheses).
a p < 0.05 between the 4- and 5-year-old children.
b p < 0.05 between the 5- and 6-year-olds.
c p < 0.05 the between the children aged 4 and 6 years by one-way ANOVA with a post hoc Hochberg test.
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Figure  2  Graphs  of  the  z-scores  for  the  spirometric  variables  according  to  height.  FVC,  forced  vital  capacity;  FEV0.5,  forced
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ow at  25--75%  of  the  FVC.
aneuvers.  In  contrast  to  the  present  study,  the  statisti-
al  analyses  included  logarithmic  and  linear  regressions  and
id  not  include  the  least  mean  squares  method.  The  latter
ethod  allows  for  the  construction  of  funnel-shaped  curves
hat  better  reﬂect  the  correlations  between  physical  lung
rowth  across  the  analyzed  ages  (4,  5,  and  6  years  of  life)
nd  functional  parameters.
The  main  results  of  the  present  study  are  the  follow-
ng:  progressive  and  statistically  signiﬁcant  increases  in  the
ajority  of  the  spirometric  parameters  were  observed  with
ncreasing  height,  and  the  resulting  prediction  equations
ncorporated  height  as  a  single  predictor.  These  results
gree  with  previously  reported  results.6,9,15 Thus,  the  pre-
iction  equations  for  spirometric  variables  described  in  the
resent  study  were  generated  by  considering  height  as  the
ingle  independent  variable.  This  choice  of  a  single  pre-
ictor  was  based  on  the  following  factors:  the  statistically
on-signiﬁcant  variation  in  the  coefﬁcients  of  determina-
ion  with  the  addition  of  the  other  possible  independent
ariables  (i.e., age,  weight,  and  sex),  the  ease  of  use  of
he  equations  with  single  predictors  in  clinical  practice,  and
he  previous  use  of  height  as  a  single  independent  vari-
ble  by  several  authors  to  derive  prediction  equations  for
n
m
a
fecond;  PEF,  peak  expiratory  ﬂow;  FEF25--75,  forced  expiratory
pirometric  parameters  among  preschoolers.6,8,11,13,15 Addi-
ionally,  the  values  for  the  coefﬁcient  of  determination  (r2)
hat  were  found  in  the  present  study  (Table  1)  are  similar  to
hose  previously  described,9,12,15 including  those  of  a  study
hat  enrolled  northeastern  Brazilian  preschoolers.19 Overall,
he  r2 values  reported  in  the  literature  for  FVC  ranged  from
.76  to  0.53;  for  FEV0.5,  from  0.73  to  0.42;  for  FEV1, from
.78  to  0.55;  for  PEF,  from  0.78  to  0.38;  and  for  FEF25--75,
rom  0.37  to  0.17.9,12,15,19
The  graphs  of  the  spirometric  variables  according  to
eight  in  which  the  z-scores  were  plotted  reﬂect  the  direct
orrelations  between  the  spirometric  variables  and  the
ncrease  in  height.  Therefore,  with  a  progressive  increase  in
eight,  the  variables  that  were  assessed  in  the  present  study
resented  wide  variability.  The  graphs  from  previous  studies
esembled  those  of  the  present  study  in  appearance.16,17
In  contrast  to  the  study  with  northeastern  Brazilian
hildren,19 in  which  signiﬁcant  differences  between  boys
nd  girls  were  found,  the  present  study  did  not  ﬁnd  sig-
iﬁcant  differences  in  the  spirometric  variables  between
ale  and  female  children,  and  this  lack  of  differences  has
lso  been  observed  in  similar  studies.6,15 Possible  reasons
or  this  result  include  the  lack  of  hormonal  and  nutritional
d
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differences  between  preschool  males  and  females  and  the
small  sample  size.
Additionally,  strong  agreements  (i.e.,  z-scores  close  to
zero)  were  observed  in  the  comparisons  of  the  spirometric
values  generated  from  our  prediction  equations  and  the  val-
ues  that  were  recently  reported  by  Quanjer  and  coworkers
based  on  97,759  records  of  healthy  nonsmokers  aged  2.5--95
years  from  around  the  world.18 For  example,  the  mean
z-scores  for  the  FVC,  FEV1,  FEV1/FVC  ratio,  and  FEF25--75
obtained  in  the  present  study  were  −0.8,  −0.00,  +0.1,  and
+0.05,  respectively;  i.e.,  all  of  the  parameters  fell  within
the  accepted  range  of  ±0.5  z-scores.  In  other  words,  these
values  were  lower  than  approximately  1--2%  of  the  predicted
values  reported  by  Quanjer  et  al.,18 which  are  clinically
irrelevant.  However,  the  prediction  equations  proposed  in
the  present  study  appear  to  be  more  applicable  to  popula-
tions  similar  to  that  of  the  present  study,  simply  because
these  equations  were  generated  from  such  a  population.
Compared  to  the  reference  values  described  by  Rosenthal
et  al.4 and  Burity  et  al.19 and  accounting  for  the  children
with  heights  of  110  cm,  the  present  predicted  values  are
close  to  those  that  have  been  previously  reported,  i.e.,  FVC
of  1.20  L,  1.10  L,  and  1.18  L,  respectively,  FEV1 of  1.10  L,
1.05  L,  and  1.10  L,  respectively,  and  FEV1/FVC  of  0.90,  0.95,
and  0.93,  respectively.
One  of  the  limitations  of  the  present  study  was  that  it  did
not  include  3-year-old  children,  although  the  preschool  age
range  is  considered  to  begin  at  that  age.  However,  access
to  these  children  would  have  been  restricted  due  to  the
small  number  of  schools  in  Sete  Lagoas,  particularly  pub-
lic  schools,  for  children  younger  than  4  years  old.  Another
limitation  is  the  relatively  small  sample  size  of  this  study.
In  summary,  prediction  equations  for  spirometric  varia-
bles  were  generated  for  4-  to  6-year-old  Brazilian  children
residing  in  the  state  of  Minas  Gerais.  These  results  may  be
of  importance  to  the  ﬁeld  of  pediatric  respiratory  health
because  these  values  can  be  used  to  optimize  the  diagno-
sis  and  clinical  management  of  children  with  suspected  or
conﬁrmed  respiratory  diseases.  Pulmonary  function  tests  are
important  to  elucidate  diagnostic  hypotheses  and  improve
clinical  management.  Reﬂecting  the  importance  of  their
use,  these  tests  are  increasingly  being  used  among  the
preschool  population.  The  results  of  the  present  study  may
help  to  broaden  the  use  of  spirometry  among  preschoolers,
as  these  results  corroborate  the  ﬁndings  of  previous  studies
that  have  reported  high  success  rates  in  the  performance  of
spirometric  maneuvers  by  preschoolers  and  an  increase  in
the  success  rate  with  age.3,6,7,9,10,15,22
Given  the  continental  characteristics  of  Brazil,  further
studies  on  this  topic  across  the  ﬁve  macroregions  of  the
country  should  be  encouraged,  and  these  studies  should  aim
to  obtain  lung  function  data  from  a  more  representative
population  of  Brazilian  children.
Funding
Pró-Reitoria  de  Pesquisa  da  Universidade  Federal  de
Minas  Gerais,  Brazil;  Brazilian  Research  Agencies,  Con-
selho  Nacional  de  Desenvolvimento  Cientíﬁco  e  Tecnológico
(CNPq,  Grant  No.  309494/2013-3  [to  VFP]  and  303396/2012-
1  [to  PAMC]),  and  Fundac¸ão de  Amparo  à  Pesquisa  do  Estado
1407
e  Minas  Gerais  (FAPEMIG,  Grant  No.  PPM-00065-14  [to
AMC]  and  PPM-00287-15  [to  VFP]).
onﬂicts of interest
he  authors  declare  no  conﬂicts  of  interest.
cknowledgments
he  authors  wish  to  thank  Maria  Ângela  Gonc¸alves  de
liveira  Ribeiro  and  Eliane  Viana  Mancuzo  for  reviewing  a
reliminary  version  of  the  manuscript  and  for  their  invalu-
ble  input.
eferences
1. Beydon N, Davis SD, Lombardi E, Allen JL, Arets HG, Aurora P,
et al. An ofﬁcial American Thoracic Society/European Respira-
tory Society statement: pulmonary function testing in preschool
children. Am J Respir Crit Care Med. 2007;175:1304--45.
2. Beydon N. Pulmonary function testing in young children. Paedi-
atr Respir Rev. 2009;10:208--13.
3. Veras TN, Pinto LA. Feasibility of spirometry in preschool chil-
dren. J Bras Pneumol. 2011;37:69--74.
4. Rosenthal M, Bain SH, Cramer D, Helms P, Denison D, Bush A,
et al. Lung function in white children aged 4--19 years: I --
spirometry. Thorax. 1993;48:794--802.
5. Kanengiser S, Dozor AJ. Forced expiratory maneuvers in chil-
dren aged 3--5 years. Pediatr Pulmonol. 1994;18:144--9.
6. Eigen H, Bieler H, Grant D, Christoph K, Terrill D, Heilman DK,
et al. Spirometric pulmonary function in healthy preschool chil-
dren. Am J Respir Crit Care Med. 2001;163:619--23.
7. Marostica PJ, Weist AD, Eigen H, Angelicchio C, Christoph K,
Savage J, et al. Spirometry in 3- to 6-year-old children with
cystic ﬁbrosis. Am J Respir Crit Care Med. 2002;166:67--71.
8. Vilozni D, Barak A, Efrati O, Augarten A, Springer C, Yahav
Y, et al. The role of computer games in measuring spirom-
etry in healthy and asthmatic preschool children. Chest.
2005;128:1146--55.
9. Nystad W,  Samuelsen SO, Nafstad P, Edvardsen E, Stensrud T,
Jaakkola JJ. Feasibility of measuring lung function in preschool
children. Thorax. 2002;57:1021--7.
0. Aurora P, Stocks J, Oliver C, Saunders C, Castle R, Chaziparasidis
G, et al. Quality control for spirometry in preschool children
with and without lung disease. Am J Respir Crit Care Med.
2004;169:1152--9.
1. Pesant C, Santschi M, Praud JP, Geoffroy M, Niyonsenga T,
Vlachos-Mayer H. Spirometric pulmonary function in 3- to 5-
year-old children. Pediatr Pulmonol. 2007;42:263--71.
2. Piccioni P, Borraccino A, Forneris MP, Migliore E, Carena C, Big-
namini E, et al. Reference values of forced expiratory volumes
and pulmonary ﬂows in 3--6 year children: a cross-sectional
study. Respir Res. 2007;8:14.
3. Zapletal A, Chalupová J. Forced expiratory parameters in
healthy preschool children (3--6 years of age). Pediatr Pulmonol.
2003;35:200--7.
4. American Thoracic Society/European Respiratory Society.
ATS/ERS Statement on respiratory muscle testing. Am J Respir
Crit Care Med. 2002;166:518--624.
5. Jeng MJ, Chang HL, Tsai MC, Tsao PC, Yang CF, Lee YS, et al.
Spirometric pulmonary function parameters of healthy Chi-
nese children aged 3--6 years in Taiwan. Pediatr Pulmonol.
2009;44:676--82.
6. Stanojevic S, Wade A, Cole TJ, Lum S, Custovic A, Silverman M,
et al. Spirometry centile charts for young Caucasian children:
41
1
1
2
208  
the Asthma UK Collaborative Initiative. Am J Respir Crit Care
Med. 2009;180:547--52.
7. Quanjer PH, Stanojevic S, Stocks J, Hall GL, Prasad KV, Cole
TJ, et al. Changes in the FEV1/FVC ratio during childhood
and adolescence: an intercontinental study. Eur Respir J.
2010;36:1391--9.
8. Quanjer PH, Stanojevic S, Cole TJ, Baur X, Hall GL, Culver BH,
et al. Multi-ethnic reference values for spirometry for the 3--95-
yr age range: the global lung function 2012 equations. Eur Respir
J. 2012;40:1324--43.
9. Burity EF, Pereira CA, Rizzo JA, Brito MC, Sarinho ES. Reference
values for spirometry in preschool children. J Pediatr (Rio J).
2013;89:374--80.
2Franc¸a DC  et  al.
0. Burity EF, Pereira CA, Rizzo JÂ, Sarinho ES, Jones MH. Early
termination of exhalation: effect on spirometric parame-
ters in healthy preschool children. J Bras Pneumol. 2011;37:
464--70.
1. World Health Organization (WHO). Multicentre Growth
References Study Group. WHO Child Growth Standards:
length/height-for-age, weight-for-age, weight-for-length,
weight-for-height and body mass index-for-age: methods and
development. Geneva: WHO; 2006.2. Gafﬁn JM, Shotola NL, Martin TR, Phipatanakul W. Clinically
useful spirometry in preschool-aged children: evaluation of
the 2007 American Thoracic Society Guidelines. J Asthma.
2010;47:762--7.
